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On condition that DNA synthesis was nearly completely suppressed by 
aphidicolin, a specific inhibitor of eukaryotic DNA polymerase-a, fertilized sea 
urchin eggs cleaved. The cleavage did not synchronize and delayed in comparison 
with normal embryos. Before the first cleavage in the presence of aphidicolin, many 
vesicular structures were observed inside the egg surface, and orcein-positive materials 
were detected in the perivitelline space surrounding the egg. During the first 
cleavage, amphiaster and spindle were formed but not chromosomes. These results 
indicate that inhibition of DNA synthesis causes achromosomal cleavage of sea urchin 
eggs, as indicated with starfish embryos (NAGANO et al., 1981). 
Aphidicolin has been reported to be a specific inhibitor of DNA polymerase-a, 
and to inhibit replicative DNA synthesis but not RNA and protein synthesis 
(IKEGAMI et al., 1978). 
In our previous paper, we reported that fertilized eggs of starfish underwent 
achromosomal cleavage in the presence of aphidicolin (NAGANO et al., 1981). 
However, it has been reported that both DNA synthesis and cleavage are inhibited 
by aphidicolin in fertilized sea urchin eggs (IKEGAMI et al., 1978, 1979 a, b ; 
BaACHET and DE PETROCELLIS, 1981) and in ascidian embryos (SATOH and 
IKEGAMI, 1981). Thus it seems that there is the difference concerning the effect of 
aphidicolin on cleavage among species. On the other hand, HARVEY (1956) report-
ed that the anucleate halves of eggs of the sea urchin, Arbacia punctulata, could be 
parthenogenetically activated and developed into swimming blastulae without the 
nucleus. 
In the present study, we examined the effect of aphidicolin on cleavage in sea 
urchin ( H emicentrotus pulcherrimus) embryos and found that fertilized eggs of this 
species underwent achromosomal cleavage in the presence of aphidicolin as shown in 
starfish embryos. 
1) Contribution from the Marine Biological Station, TOhoku University, No. 499. 
2) Deceased December 18, 1983. 
3) To whom requests for reprints should be addressed. 
4) Present address: Central Research Laboratories, Yamanouchi Pharmaceutical Co Ltd., 
Azusawa, Itabashi, Tokyo 174, Japan. 
5) f'*i'll!&~, Wffir/ii:JI:, :!i<fl' 51. 
205 
206 S. HIRAI, H. YAMADA AND H. NAGANO 
MATERIALS AND METHODS 
Aphidicolin was dissolved in dimethylsulfoxide and then dispersed in sea water 
tc give a final concentration of dimethylsulfoxide less than 0.1% (V /V). This 
concentration of dimethylsulfoxide did not affect the cleavage and in vivo DNA 
synthesis of sea urchin embryos. 
Gamates. The sea urchin, Hemicentrotus pulcherrimus, was used. Eggs and 
sperm were obtained by injecting 0.5 M potassium chloride intc the body cavity. 
Eggs were washed twice with sea water. After fertilization, excess sperm were 
removed by washing with sea water. Embryos were developed at about 12'C or 20' 
C in the absence or presence of aphidicolin (10 pg/ml). 
Morp/wlogical observations. In order tc observe chromosomes, embryos were 
fixed with a Carney's ethanol-acetic acid (3: 1) solution for 15 min, stained with a 
lactc-acetc-orcein solution for 2 hr, and observed with a phase contrast microscope. 
For electron microscopy, embryos were prefixed for 1.5 hr in a buffer solution (66% 
sea water containing 0.07 M sodium cacodylate, pH 7.6 and 1 pg/ml ruthenium red) 
containing 2% glutaraldehyde. After rinsing with the same buffer, they were 
postfixed in 1% osmium tetroxide in the same buffer for 2 hr in the dark (SPIEGEL 
and SPIEGEL, 1979). After dehydration in ethanol and acetcne, they were 
embedded in SPURR's resin. Thin sections were prepared with a Poter-Blum MT-1 
ultramicrotome, stained with uranylacetate and lead citrate, and then examined 
with a transmission electron microscope (JEM T-8). 
In vivo DNA synthesis. Just after insemination and washing, the egg suspen-
sion was supplemented with aphidicolin at the indicated concentrations and ['H] 
thymidine (21 Ci/mmole, Radiochemical Center, Amersham) at a final concentration 
of 1 Jl Ci/ml. The other procedures have been described in a previous paper 
(NAGANO et al., 1981). 
RESULTS 
In vivo DNA synthesis in the presence of aphidicolin 
DNA synthesis of sea urchin embryos was suppressed by aphidicolin (Fig. 1 ). 
Embryos were labelled for 7 hr from fertilization tc the blastula stage. While in the 
presence of lO Jl g/ml of aphidicolin the embryos developed tc the 8 tc 16 cell stage 
for 7 hr. Two phases of the inhibition are apparent. Approximately, 99.5% of the 
in vivo DNA synthesis was inhibited by aphidicolin with 50% inhibition at a 
concentration of 0.5 pg/ml (the sensitive phase). 0.5% of DNA synthesis is less 
sensitive tc the drug and the 50% inhibition was observed at approximately 20 pg/ 
ml aphidicolin. The sensitive phase seems tc represent the replicative DNA synthe-
sis. 
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Fig. 1 DNA synthesis of fertilized eggs in the presence of 
aphidicolin. Fertilized eggs (18,000 embryos) were suspended 
in 1 rnl of sea water containing 1 p.Ci of [3HJ thymidine and the 
indicated concentration of aphidicolin. Incubation was carried 
out at 20'0 for 7 hr. 100% represents 95,840 cpm of ['H] 
thymidine incorporated into DNA of embryos in the absence of 
aphidicolin. 
Cleavage of fertilized eggs in the presence of aphidicolin 
207 
Fertilized eggs were allowed tc develop at 12'C in the absence (Fig. 2) and 
presence (Figs. 3, 4, 5 and 6) of aphidicolin at a final concentration of lO pg/ml. 
Fig. 2 shows morphological changes of nucleus during the first cleavage of normal 
embryos as a reference. Chromatin begins tc condense and nuclear envelope begins 
tc disappear at 90 min after insemination (Fig. 2B and 2C). About 50% of fertil-
ized eggs is the first metaphase stage at 105 min after insemination (Fig. 2D) and the 
first cleavage occurs in 40% of them by 135 min postinsemination (Fig. 2H). On 
the other hand, fertilized eggs with the interphase nucleus were observed at 135 min 
after insemination in the presence of aphidicolin. By 3 hr after fertilization, the 
first cleavage was observed in 60% of fertilized eggs (Fig. 3A}, but 40% of them 
remained uncleaved at this time. Some of uncleaved eggs contained a single large 
interphase nucleus (Fig. 4), several irregular vesicles under the cell surface (Fig. 5B) 
and extracellular matrix stained with lactc-orcein on the egg surface (Fig. 5A). The 
cleavage occurred in all eggs by 9 hr, although the size of blastcmeres was not equal 
(Fig. 3B). In cleaving eggs in the presence of aphidicolin, amphiaster and spindle 
are clearly detected but not chromosomes (Fig. 6). Although metaphase-like struc-
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Fig. 2 Morphological changes in the nucleus during the first cleavage of control 
embryos. Embryos were cultured at 12"C and fixed at the indicated time after 
insemination. A, 80 min (interphase of diploid nucleus); Band C, 90 min (initia-
t ion of chromosome condensation, disappearance of nuclear membrane and am-
phiaster development) ; D, 100 min; E, 110 min (metaphase) ; F, 115 min (late 




ture is observed as shown in Fig. 6A, orcein-positive materials is absent. We can 
detected orcein-positive materials in other eggs where chromosomes or their frag-
ments are scattered in the arrays of spindle fibers (Fig. 6B ). These resul ts clearly 
demonstrate that absence of DNA replication causes achromosomal cleavage in 
fertilized eggs of the sea urchin. 
It has been reported that development of sea urchin embryos is arrested at the 
interphase stage of the first cleavage in the presence of aphidicolin (IKEGAMI et al. , 
1979 a; BRACRET and DE PETROCELLIS, 1981). However, after this arrest for 
relatively long time, cleav age begins. This length of arresting time and the rate of 
cleavage depend on batches of used eggs and the season. The reason of these 
differences remains to be unclear. 
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Fig. 3 Cleavage in the presence of aphidicolin observed at 3 hr (A) and 9 hr (B) after 
insemination. 
Fig. 4 Interphase nucleus observed before the first cleavage (3 hr after insemination) 
in the presence of aphidicolin. 
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Fig. 5 Orcein-positive materials surrounding a fertilized egg in the perivitelline space 
(A) and many vesicular structures near the egg cortex (B) before the first cleavage. 
Eggs were fixed at 2 hr after insemination and stained with a !acto-orcein solution. 
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Fig. 6 Amphiaster and spindle of cleaving eggs in the presence of aphidicolin. Note 
that chromosomes were not observed. Eggs were fixed at 4 hr after insemination 
and stained with a !acto-orcein solution. 
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DISCUSSIONS 
In our previous paper, we reported that DNA synthesis of starfish embryos was 
inhibited nearly completely by aphidicolin at a concentration of 10 ,ug/ ml, and 
these embryos underwent achromosomal cleavage without DNA synthesis (NAGANO 
et al., 1981). But it has·been reported in sea urchin eggs that aphidicolin inhibits 
not only DNA synthesis but also cleavage (IKEGAMI et al., 1978, 1979 a, b; 
BRACHET and DE PETROCELLIS, 1981). However, in the present study, we showed 
that Hemicentrotus eggs underwent achromosomal cleavage without DNA synthesis 
in the presence of aphidicolin. The present observation is well coincident with our 
previous findings in starfish embryos. In the case of the sea urchin, cleavage 
delayed and was not synchronized when compared to that in the starifi.sh. This 
difference may be due to the difference of species. 
HARVEY (1956) reported that the anucleate halves of Arbacia eggs could be 
parthenogenetically activated and developed into swimming blastulae without the 
nucleus. So it seems that cytokinesis is independent of DNA synthesis in early 
embryogenesis of the sea urchin. 
In amphibia, it is reported that enucleated eggs and egg fragments without the 
female nucleus could develop into the blastula stage (not into gastrula), and those 
blastula larvae were composed in large areas of anucleate cells containing actively 
dividing asters (FANKHAUSER, 1934, 1941 ). Same results concerning the cleaving 
activity independent of the nucleus were described by BRIGGS et al. (1951). But, 
the arrest of embryogenesis before gastrulation in the present study suggests that 
gene information of the nucleus is required for gastrulation. 
DNA synthesis was not completely inhibited by aphidicolin, about 0.5% of 
DNA synthesis was not inhibited by aphidicolin at a concentration of 10 ,ug/ ml. 
This small DNA synthesis seems to be cytoplasmic DNA synthesis. Cytoplasmic 
DNA synthesis has been reported to occur (ANDERSON, 1969) or not to occur 
(WASSERMAN, 1971 ; MATSUMOTO et al., 1974) during early embryogenesis. 
This work was supported in part by grants for scientific research from the Ministry of 
Education, Science and Culture of Japan. 
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